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Abstract: Polycrystalline samples of lysozyme were prepared with and without a 
Langmuir-Blodgett (LB) thin film template via both the hanging drop method and 
batch crystallisation. Powder diffraction methods are used to compare these samples 
and to measure their resistance to radiation damage at room temperature. The X-ray 
induced amorphisation of the samples was followed as a function of time and it was 
shown that diffraction does not entirely disappear even at very long exposure times. 
Two distinct kinetic timescales are evident suggesting that early and late stage 
processes are quite different. Radiation damage was also shown to be localized in the 
sample in the region where the beam impinges. 
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Introduction 
Protein crystallization is the key bottleneck in the 
structure determination pipeline. New methods to produce 
crystalline proteins are therefore needed. By creating 
ordered 2D Langmuir Blodgett films of proteins, artificial 
2D crystals can be produced and these can be used to seed 
protein crystallization (Pechkova and Nicolini, 2001; 
Pechkova et al., 2004). Previous experiments on 
templated crystals (Pechkova et al., 2009; 2010; 
Belmonte et al., 2012) have shown that the LB nano-
templated crystals show improved diffraction quality and 
greater resistance to radiation damage.  
In any single crystal experiment, results which 
depend on the crystal quality are also sensitive to the 
selection and mounting of a specific crystal. The 
advent of powder diffraction methods which can be 
applied to protein samples (Von Dreele, 1999; 
Margiolaki and Wright, 2008) gives a new tool to 
examine crystalline quality. Powder methods measure 
data from millions of crystallites and so they are not 
so sensitive to outliers and instead give the bulk 
properties of a sample. The diffraction quality and 
resistance to radiation damage of different samples are 
compared using the powder diffraction method. We 
will show that radiation damage processes during the 
early stages of exposure to the X-ray beam are quite 
different to those at longer exposure time. 
Materials and Methods 
Crystallisation 
Figure 1 shows the schematic method used for 
sample crystallization. Samples were prepared using a 
conventional hanging drop method and batch 
precipitation for comparison with the nanotemplate 
crystallised material. The nanotemplate crystallisation 
was performed as shown in (Pechkova and Nicolini, 
2001; Pechkova et al., 2004). 
For the samples prepared by the hanging drop 
method the crystals were harvested from the drops and 
gently crushed ready for powder diffraction analysis. 
Due to the size of the hanging drops the amount of 
crystalline material available from the drops was much 
smaller than for the batch prepared material. 
Protein powder slurry was loaded into 0.8 mm 
diameter glass capillaries and centrifuged to pack the 
material into the end of the tubes. Excess liquid was 
removed from the capillary which was then sealed to 
prevent the sample from drying out. Capillaries were then 
fixed in a brass pin for mounting on the diffractometer. 
X-Ray Diffraction 
Powder X-ray diffraction data were collected at the 
Materials Science beamline, ID11, at the ESRF in 
Grenoble. An incident wavelength of 0.3444 Å (36 
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keV) was selected using the Laue-Laue 
monochromator and the beam was focussed at the 
detector surface using the transfocator (Vaughan et al., 
2011) with 46 Be lenses. The beam size at the sample 
position was defined by the X-ray source and 
focussing optics and was about 40 microns in the 
vertical and 60 microns in the horizontal. 
2D diffraction data were recorded using a 
Frelon2K CCD camera (Labiche et al., 2007) and 
were integrated to give 1D diffraction patterns using 
the Fit2D software package (Hammersley et al., 
1996). The sample to detector distance and beam 
centre were calibrated using a sample of Silver 
Behenate (Huang et al., 1993). Capillary tubes were 
rotated during data acquisition to ensure good powder 
averaging. The detector is positioned with the 
beamstop and direct beam position in the lower left 
corner of the image. This gives a better Q resolution 
for the same scattering range in comparison to the 
usual arrangement where the beam stop is at the 
centre of the image. 
Data Processing 
Integrated 1D diffraction profiles were analysed 
using the unit cell of tetragonal lysozyme (space 
group P43212, a~78, c~37 Angstrom). The PRODD 
software (Wright, 2004) was used to carry out Pawley 
style intensity extractions to give unit cell and peak 
shape parameters for each diffraction pattern. The 
peak shape was well fitted with a pseudo-Voigt 
(Finger et al., 1994) function where the width as a 
function was parameterised as: 
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Γ and σ are the widths of the Lorentzian and 
Gaussian components of the pseudo-voigt peak. After 
initial processing it was decided to fix the values of U, V 
and Y to zero and refine only the W and X values.  
To process the data as a function of time the 
integrated peak intensities were fixed at the initial 
values and a single overall scale factor was refined 
(FINT = Fixed Intensity mode). For each profile the 
unit cell parameters, scale, peak parameters (W and X) 
and background were refined. Typical refinements are 
shown on Fig. 4 for patterns 10 and 900 where the data 
are shown with and without subtraction of the 
background. In the early stages of the data processing 
the peaks are strong with respect to the background, but 
at a later stage the peaks are very weak. During the 
course of processing these data a new background 
function had to be introduced in the PRODD 
refinement code to allow refinement of a cubic spline 
interpolation of the background. 
 
 
 
Fig. 1. Schematic showing the sample preparation. The protein monolayer is used to seed crystallisation 
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Results 
Four samples were studied, to compare conventional 
crystallisations with nanotemplated samples and also to 
compare the batch and hanging drop methods. Figure 2 
compares the 2D images recorded for the 4 different 
samples in the initial exposures, prior to significant 
radiation damage. In the batch crystallisation there were a 
larger number of crystallites present and much stronger 
powder rings were observed. For the drop nano-templated 
sample there are weak powder rings and for the 
conventional crystallisation there are isolated diffraction 
spots. By using conventional drop crystallisation the 
crystals were too large for powder diffraction. Therefore 
the rest of the analysis focuses on the batch samples. 
Figure 3 shows the integrated one dimensional 
profiles of the batch crystallised samples. In the upper 
panel the data from the LB templated sample is 
compared to the conventional batch crystallisation. In the 
inset it is clear that the LB sample has a slightly 
improved signal to background ratio and some very 
small peak shifts are evident. Note that the peak shifts 
are anisotropic, some peaks are displaced by more than 
others which is indicative of an anisotropic change of the 
unit cell parameters. In the lower panel of Fig. 3 the data 
are over-plotted as a function of image number (and 
therefore radiation dose). The loss of the diffracted 
intensity is accompanied by an increase in the 
background. This gives direct evidence that radiation 
exposure has converted crystalline protein into 
amorphous protein, which gives a smooth scattering 
curve, without sharp diffraction peaks. Even at very long 
exposure times, weak peaks can still be seen 
superimposed on the background. 
The fits to the data to extract unit cell and peak 
shape parameters were generally very good and they 
are shown on Fig. 4. At long exposure times (lower 
row) the data are completely dominated by the 
background contribution and so this had to be very 
well fitted and carefully subtracted in order to leave 
only the peaks behind. In the right column of Fig. 4 
the fits are shown with the background removed. 
After very long exposure times the signal to noise 
ratio is reduced, but clear peaks are still evident and 
these could be well fitted.  
The numerical results of the sequential fitting are 
plotted on Fig. 5. In all four plots in Fig. 4 the 
behaviour of the samples is distinct in two time 
regions. During the early part of the experiment, up to 
image 40 or so, there are rapid changes and then later 
the system stabilises.  
 
 
 
Fig. 2. 2D images from the Frelon CCD area detector at beamline ID11 (wavelength 0.3444Å) for the four different samples 
in the initial state 
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Fig. 3. Upper panel: Comparison of LB versus classical batch crystallisation. Lower panel: Evolution of the diffraction 
patterns with exposure time 
 
 
 
Fig. 4. Fits to the data to extract unit cell parameters and peak widths. Upper row: Image number 10, Lower row: Image number 
900. Left column: Observed data and fit including the background. Right column: fit with background subtracted 
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Fig. 5. Top left and right: Evolution of the ‘a’ and ‘c’ unit cell parameters. Bottom left: Evolution of the scale factor and bottom 
right, evolution of the peak shape parameters 
 
 
 
Fig. 6. Mapping along the length of the capillary after the radiation damage experiment 
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On a log-scale the scale factor (which represents the 
diffracted intensity) gives an approximately linear 
behaviour. The LB sample begins with a significantly 
higher scale factor but then decays to be similar to the 
conventional sample.  
There is a significant difference in the unit cell 
parameters. While the “a” parameter is almost equal for 
the two samples the “c” parameter is offset by around 
0.05 Angstrom, or about 0.1%, with the LB sample 
showing a larger unit cell parameter. For both of the 
samples the time-evolution of the cell parameters with 
radiation dose is rather similar 
The peak width parameters start off with similar 
values and show a similar time evolution. During the 
early stages of radiation damage both samples show a 
rapid increase in peak widths. At long exposure times 
the peak widths continue to show a slow increase, but 
this is not observed for the unit cell parameters which 
stabilise. These results suggest two distinctly different 
time scales are present.  
For the nano-template batch crystallised sample an 
extended data collection was performed overnight to 
investigate the long term radiation damage (900 
images) and to find out whether crystalline diffraction 
peaks remained after extended exposure. A series of 
measurements were then performed along the length 
of the sample to measure the extent of the radiation 
damaged zone. Figure 6 shows the variation of the 
diffraction patterns as a function of position along the 
capillary. Very weak diffraction peaks were observed 
and the diffraction never completely disappeared (Fig. 
4). Furthermore the zone of the radiation damage 
remains localised and “good” sample remained 
present on either side of the radiation damaged zone. 
Conclusion 
For powder diffraction experiments it was important 
to use the batch crystallization method in order to 
produce a large number of very small crystallites. 
Samples produced by the hanging drop method did not 
give good powder diffraction patterns. There was a small 
but significant improvement in the diffraction quality of 
the samples prepared with LB nano-template seeds as 
evidenced by a higher signal to background ratio. Upon 
exposure to the X-ray beam at room temperature both 
conventional and LB nano-templated samples showed a 
rapid initial damage phase and then a much slower 
second stage process. The damage rates were rather 
similar for both samples, but there was a significant 
difference in the length of the “c” unit cell parameter, 
which was 0.1% larger for the nano-templated sample. 
Radiation damage was shown to be localized to the 
region where the beam hits the sample. 
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